20 Strategies to mitigate climate change often center on clean technologies such as electric vehicles 21 and solar panels, while the mitigation potential of a quality educational experience is rarely 22 discussed. In this paper, we investigate the long-term impact that an intensive one-year 23 university course had on individual carbon emissions by surveying students at least five years 24 after having taken the course. A majority of course graduates reported pro-environmental 25 decisions (i.e., type of car to buy, food choices) that can be attributed to experiences gained in 26 the course. Furthermore, our carbon footprint analysis demonstrates that for the average course 27 graduate, these decisions reduced their individual carbon emissions by 2.86 tons of CO 2 per year.
85 requirement. The course, COMM/ENVS/GEOL/HUM/METR 168 & 168W: Global Climate 86 Change I & II (hereafter referred to as COMM 168), is taught over an academic year, with six 87 credit hours in the fall semester, and three credit hours in the following spring semester. The 88 course is taught in a standard lecture theatre and has about 100 students enrolled per year. The 89 course uses a number of design approaches to impact students in ways that maximize effects on 90 students' personal and professional lives. This course has been taught every year since 2007 and 91 continues to be popular with students.
92 The course evaluated in this research was taught by three faculty members from different 93 departments with expertise in the core themes of climate science, climate mitigation and 94 environmental communication. Although different professors taught the course during the five-95 year study period, the syllabus was consistent through the period. 96 The subject population consists of approximately 500 matriculated students from COMM 168 in 97 the academic years between 2007 and 2012 and who received GE credit for the course (receiving 98 a grade of "C" or better). The subjects are all now SJSU graduates and at least five years have 99 passed since they took the COMM 168 course. Students were recruited through email via SJSU's 100 alumni database after campus Institutional Review Board approval was secured. The majority of 101 students enrolled came from colleges outside of the sciences as shown in Table 1 .
College % of students reporting
College of Social Sciences 46%
College of Business 18%
College of Humanities and the Arts 18%
College of Applied Sciences and Arts 11% 169 participants. Although recycling may be viewed as a fairly common action in many Californian 170 communities, food choices and the connection with carbon emissions is not as widely known by 171 the general public (e.g., Cordero et al. 2008 ; Wynes and Nicholas 2017) . Given that 80% of 172 participants reported some changes to their food choices, it appears that the course did have an 173 impact on decision-making in this category even years after the class. 195 Given that one of the goals of the course is to help students develop a personal connection 196 between global warming and their lives, we explore the connections between participant beliefs 197 and total carbon emission reductions through analysis of grouped data. In Figure 3 , we show the
relationship between individual carbon emission reductions with personal beliefs about how
199 global warming will influence them or future generations. We find that participants who believe 200 that global warming will harm them personally, or will harm future generations, have larger 201 reductions in carbon emissions compared to participants who don't believe there will be a strong 202 impact on them or future generations. Thus it appears that in most cases, participants were at 203 some level influenced by how they perceived the impact of global warming on their own well-204 being, or the well-being of future generations, when making personal decisions related to the 205 environment.
206 Figure 3 . The reductions in carbon emissions (in tons/year) for groups based on their responses to 207 the two questions about how global warming will affect them personally or future generations. The 208 percentage of the total responses for that question is also given above each bar.
209 Further, of the participants who agreed (strongly agreed or agreed) to the statement, "I have 210 personally experienced the effects of global warming," their reductions in carbon emissions were 211 3.7 tons of CO 2 /year, while for the participants who didn't agree with that statement (disagreed, 212 strongly disagreed or neutral), their reductions were only 2.9 tons of CO 2 /year (see Figure 4 ). 288 Participants also noted the importance of communicating with others about the actions they take.
289 Tara noted: "It doesn't really help unless you try to bring it out there. If I only ever walk places, 290 no one will ever know unless I try to let them know why I walk places…. If you're going to make 291 a point by breaking the rules, you first have to know the rules because otherwise it doesn't mean 292 anything. If I want to rebel by not using a car, I first have to know that everyone thinks using a 293 car is a normal thing to do." Participants agreed that talking about their own actions helped in 294 discussing climate change issues with others.
295 The community action project was a key part of the course in giving students experience outside 296 of class in creating change. It also gave them some agency over this issue. Participants described 297 their attempts to make a difference, both in their personal and professional lives. Participants 298 noted the community action project allowed them to see the importance of communication in the 299 design of their projects. The focus group responses suggest that interdisciplinary education 300 including aspects of communication can give students the skills and experience necessary to 301 create change in their own communities.
302 3.5. Educational approach 303 We have identified a number of key design elements that stood out as critical to the success of 304 the education program we developed and that have sustained student engagement over many 305 years. These include a) connecting climate science to students' lives, b) providing students with 306 experience creating change in a community of their choice and c) creating a culture devoted to 307 stewardship and action. We found that these three key elements of the course helped students to 308 connect with the subject in ways that extended into their personal and professional lives, and 309 persisted over time to an extent that we have not seen in other similar classes. These elements . We now review each of these elements in more 314 detail to provide insights into how these ideas may be applied to other educational settings. 336 our intention that through this experience, students would not only better understand some of the 337 challenges associated with creating change but also gain confidence that change can happen 338 through well-designed efforts. Ramsey (1993) found that using issue instruction and action 339 training was an effective way to promote pro-environmental behavior. And MacFall (2012) 340 found that students were deeply affected by their service-learning course even years after the 341 experience. The COMM 168 class was focused around the year-long CAP and feedback from the 342 focus groups shared how impactful the project was for some of the students, as a majority of the 343 focus group participants mentioned the CAP as the most memorable part of the course. It is our 344 conclusion that the CAP was an effective culminating experience, and today the class continues 345 to use this activity to help students take their learning into practice. 353 Creating a culture for a class is not easy, but there are effective teaching strategies that can help 354 influence class culture, and we outline these here.
355 1) Group discussions with different students: We did a lot of group work in class. With 80-120 356 students per class, we took special efforts to mix students for their group work. This helps 357 students work with new students and not develop their own group that they work with 358 exclusively. We felt this helped students see multiple views across the class, and if an emerging 359 interest and dedication to climate change arose through the class, it could spread.
360 2) Committed faculty: The faculty who taught this course were all deeply committed to climate 361 change solutions, and they shared their own journey towards reducing carbon emissions.
362 Through this one-year class, students got to know their professors well, and each professor 363 engaged in some level of social action on their own. Role models are important in creating social 364 change, and we suggest that having professors committed to environmental solutions was also a 365 factor in creating social norms. For example, one of the focus group participants mentioned that 366 as a student she used to drive an SUV, but she now drives a Prius. One of the professors said, "I 367 didn't know you drove an SUV when you took this class," and she said, "I know you didn't 390 middle and high income countries (where their carbon emissions are highest) to receive a 391 specialized climate change education (i.e., using similar educational methodologies as we've 392 ourlined here), and that students who receive this education would each reduce their carbon 393 emissions by 2.86 tons of CO 2 /year (i.e., as in the COMM 168 class), for that year, and for each 394 year following. Further, we assume that such a program would start small at 1 million students 395 and grow by 13% per year until 2050, when the program reaches over 38 million participants. 5. Discussion: Application to K-12 educational environments 430 The above results describe the impact of an educational design on college students and the 431 potential impact of scaling such a program across a large number of secondary school age 432 students. We now discuss some initial work by the authors to develop K-12 curriculum that uses 433 some of the design approaches identified in the COMM 168 class.
434 Within K-12 education, national and regional standards play an important role in guiding the 435 design of classroom learning experiences. In the U.S., the National Research Council of the 459 solutions to an environmental problem, and a continuity of learning across a middle school 460 sequence is designed to potentially provide students with a strong connection to environmental 461 stewardship. The middle school curriculum is currently being used in a number of school 462 districts in California and studies examining changes in student attitudes and behavior will be 463 reported in the future.
464 As an example of the type of educational experiences being designed, we share some insights 465 from an ongoing study to determine whether student motivation and agency around science and 466 environmental solutions can be enhanced through a storytelling and filmmaking experience.
467 During one of the five-week units of study, middle school students learn about the basics of 468 climate science and are guided through the process of storytelling and filmmaking as a method of 469 taking action on climate change. Students create their own short films about solutions to climate 470 change, and these films are screened to friends, family and submitted to a regional film festival.
471 Overwhelmingly, students, teachers and parents reported that this unit of study was a valuable 472 learning experience. Students enjoyed the filmmaking experience and the autonomy they had to 473 create their own type of climate solution. This is reflected in student interviews indicating that 474 their favorite part was that "we had no limitations at all" and "we got to put our storyboard and 475 the ideas that we had into action." Further, several students reported that they were either 476 interested in the opportunity to do more community action, or that they were now taking on 477 leadership roles towards further action. During an interview, one student responded, "Actually, 
